progress took place mostly in the latter half of the second decade, with the introduction of lithium power sources with greater longevity, miniaturisation of electronic circuits, overall improvement in design with the widespread use of hermetic encapsulation of power sources and components for greater protection, and the development of noninvasive programmability. As we begin the third decade of cardiac pacing, the inexorable and accelerated growth of pacemaker technology has already fostered a large array of sophisticated multiprogrammable pulse generators, with a variety of functions. The complexity of pulse generators will inevitably continue to increase with the promise that devices will be far more specific in their clinical applicability.
In 1978, about 36 per cent of all pacemaker implants in the United States used programmable pulse generators' and it appears almost certain that these units will largely or indeed completely replace non-programmable systems in the next few years as confidence and reliability improve and the benefits of non-invasive programming become more widely appreciated. Indeed, the greater longevity of lithium powered pulse generators can in itself be considered an important reason for programmability. It is impossible to predict in advance who will require modification of pacemaker variables and the likelihood of a change in a patient's requirements will undoubtedly increase the longer the same generator remains implanted.
Received for publication 11 November 1980 Advantages of programmable pulse generators We believe that all pulse generators should be multiprogrammable for the following reasons. ( 
1) OPTIMUM PACING SYSTEM FOR SPECIFIC CLINICAL SITUATIONS
The large variety of pulse generators now permits the selection of an optimum pacing system tailored to the need of the patient. The "fine tuning" provided by multiprogrammable pulse generators represents an improvement in the quality rather than the quantity of life. In addition, the functional versatility of multiprogrammable pulse generators has contributed significantly to the development and clinical use of a variety of pacing systems. Atrial, atrioventricular sequential, and automatic antitachycardia pacing are beginning to realise their full potential, mostly because of the availability of multiprogrammability. (2) Precise electrophysiological characterisation of reentry tachycardia is essential before using these complex and potentially dangerous devices. We believe that such sophisticated pacemakers should be restricted to centres capable of performing detailed electrophysiological investigations to determine, by repeated measurements, the required number of stimuli and cycle length to terminate re-entry tachycardia safely, reliably, and consistently. Automatic antitachycardia pacemakers should possess the capability of programming rate, output, pacing mode, and sensitivity, the latter being vital for the optimum detection of atrial depolarisation during supraventricular tachycardia.
Conventional multiprogrammable pulse generators (VVI, AAI, DVI) with back-up underdrive antitachycardia characteristics are beginning to appear and will most probably become commonplace in the future. One recent device functions as a dual demand (antitachycardia) underdrive pacemaker merely by reprogramming the refractory period to its longest duration23 while simple modification of a conventional DVI bipolar pulse generator provides a programmable underdrive dual (or double as labelled by the manufacturers) demand atrioventricular sequential pulse generator for the automatic termination of supraventricular tachycardia by pacing both the atrium and the ventricle.24
The automatic burst antitachycardia (overdrive) pacemaker is at present the most popular device for the termination of re-entry tachycardia.2528 Such a pacemaker delivers a given number of stimuli in quick succession at a preselected rate upon sensing the tachycardia. The lowest limit of the tachycardia rate to be sensed must be programmable in several steps to minimise the possibility of sensing sinus tachycardia or atrial fibrillation with a rapid ventricular rate, a crucial consideration in the case of implanted ventricular burst pacemakers for the treatment of refractory ventricular tachycardia. Thus, when faced with recurrent muscle twitching at the anodal site of a unipolar pulse generator it may be tempting to simply reprogram the pulse generator to a low voltage (or pulse width) rather than make the correct diagnosis of a "flipped" pacemaker that may require pocket revision to avoid uncoiling of the electrode, the ultimate consequence of a pacemaker twiddler's syndrome.34 ( 
5) BEWILDERING ELECTRONIC GADGETRY AND LACK OF STANDARDISATION. IS IT ALL WORTH IT?
Some physicians fear that the increasing complexity of electronic circuits may create additional risks of electronic failure and others feel that the impact of programmable pulse generators will probably be small in the overall care of patients with implanted pulse generators.35-37 These fears are probably unjustified with modem, sophisticated, and reliable electronic circuitry. The large variety of programmable pulse generators, however, and their corresponding programmers from a multitude of manufacturers will undoubtedly lead to confusion, particularly for patients who are evaluated in centres unfamiliar with a particular programmable device. Lack of standardisation will require pacemaker centres to carry a complete panoply of programmers. Though universal standardisation will probably never be achieved, there is need for some degree of order before the situation becomes totally uncontrollable and incomprehensible as each new generation of programmable pulse generators from an ever-increasing number of manufacturers spawns new generations of programmers specific for a particular device or manufacturer. Some authorities argue that the vast majority of programmable characteristics are never used and therefore multiprogrammable pacemakers should be restricted to major medical centres. We do not agree with this contention because it is often the very lack of expertise that requires the advantages of programmability. The 
